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Abstract

We conducted a retrospective cohort study in Kaiser Permanente Southern Cal-

ifornia from 1 January 2020 to 30 September 2020. We found that rituximab-

treated persons with multiple sclerosis (pwMS, n = 1895) were more likely be

hospitalized (n = 8, 33.3%), but not die (n = 0) from COVID-19, compared to

the 4.81 million non-MS population (5.8% and 1.4%, respectively). Time in

months (adjusted OR = 0.32, 95% CI = 0.15–0.69, p = 0.0033) and receiving

1000 mg compared to lower doses at last infusion (adjusted OR = 6.28, 95%

CI = 1.38–28.5, p = 0.0173) were independent predictors of COVID-19 severity.

Rituximab-treated pwMS should be counseled to take extra precautions in the

5 months following each infusion. Using extended dosing intervals and lower

doses could be considered.

Introduction

The B-cell depleting multiple sclerosis (MS) treatments,

rituximab and ocrelizumab, are associated with an

increased risk of serious infections.1,2 Whether rituximab

or ocrelizumab is associated with an increased risk of

moderate-to-severe COVID-19 is unclear. Reports to date

have suggested either no effect3–7 or a slightly increased

risk of hospitalization but not death from COVID-19.8–10

However, significant methodological limitations that con-

strain interpretation include unknown number of ritux-

imab/ocrelizumab-treated persons with MS (pwMS) at

risk,3–10 lack of comparison to the general population,3–10

incomplete ascertainment of comorbidities,3–10 inability

to account for geographic variation in COVID-19 out-

breaks,3,7,8,10 reliance on registries,3,8,10 and/or inclusion

of unconfirmed COVID-19 cases with non-specific symp-

toms.3,4,7,9

The aim of this study was to determine whether ritux-

imab-treated pwMS were at higher risk of more severe

COVID-19 infection compared to the general population,

and if so, whether this is best explained by known risk

factors for moderate-to-severe COVID-19, MS-related dis-

ability, or rituximab treatment characteristics.

Methods

We conducted a retrospective cohort study utilizing Kai-

ser Permanente Southern California’s (KPSC) complete

electronic health record (EHR). KPSC provides care to

over 4.8 million members in Southern California.

Approximately 20% of the general population in the
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geographic areas served belong to KPSC. The sociodemo-

graphic characteristics of KPSC members are generally

representative of the underlying population.11

The EHR was electronically searched from 1 January

2020 to 31 August 2020 to identify the following: all

SARS-CoV-2-infected patients; rituximab-treated pwMS;

rituximab treatment, clinical and demographic character-

istics; and COVID-19 course. The EHR of rituximab-trea-

ted persons with at least one MS or MS-like ICD10

diagnostic code were reviewed to confirm MS diagnosis.12

SARS-CoV-2 infection required confirmation by poly-

merase chain reaction (PCR) or positive serum antibody

testing. We included patients with positive antibody tests

(available starting in June) without prior PCR testing

(n = 0 rituximab-treated pwMS, n = 1620 non-MS popu-

lation) to capture mild COVID-19 cases because early in

the pandemic, PCR testing was restricted to patients who

required hospitalization. The study protocol was approved

by the KPSC institutional review board (#11302).

The primary outcome was the maximum severity of

COVID-19 defined as mild (not requiring hospitaliza-

tion), moderate (requiring hospitalization), or severe

(death). To allow for a minimum of 30-day follow-up,

outcomes were assessed through 30 September 2020.

The association between demographic characteristics,

comorbidities, MS-related, and/or rituximab-related char-

acteristics and moderate-to-severe COVID-19 was exam-

ined using unconditional logistic regression. We first

examined the factors associated with moderate-to-severe

COVID-19 in the total non-MS population. The final

model included age (continuous in years), male sex, His-

panic ethnicity (yes/no), and the Elixhauser comorbidity

index (continuous).13

We conducted crude analyses to determine whether

rituximab treatment characteristics and factors identified

in the non-MS population were associated with a moder-

ate-to-severe COVID-19 course among all rituximab-trea-

ted pwMS. Factors with p < 0.20 were included in the

final adjusted model (time and dose since last infusion,

cumulative dose, and Hispanic ethnicity). Sensitivity anal-

yses using the Charlson comorbidity index,13 restricting

to rituximab-treated pwMS who received an infusion in

2020 (n = 953) or comparison to glatiramer acetate

(Appendix S1), were conducted.

The means and standard deviations (SD) of normally

distributed variables were compared using 2-sample t

tests; for variables with non-normal distributions, the

Wilcoxon rank-sum test was used; and for binary or cate-

gorical variables, Chi-square with the Fisher’s exact test

was used. Statistical significance was set at p = 0.05. No

adjustment for multiple comparisons was made. All statis-

tical analyses were performed using SAS version 9.4 (SAS

Institute Inc, Cary, NC).

Results

Rituximab-treated pwMS were slightly older, predomi-

nantly female, less likely to be Hispanic and had a higher

Elixhauser but similar Charlson comorbidity index, com-

pared to the general non-MS population (Table 1).

Independent predictors of a moderate or severe

COVID-19 course in the non-MS population were His-

panic ethnicity (OR = 3.66, 95% CI = 3.44–3.88); older

age (OR = 1.037, 95% CI = 1.035–1.038); male sex

(OR = 1.65, 95% CI = 1.55–1.74); and higher Elixhauser

comorbidity index (OR = 1.18, 95% CI = 1.17–1.20) in a

mutually adjusted model.

The proportion of rituximab-treated pwMS who con-

tracted COVID-19 during the study period (1.27%) was

similar to the non-MS population (1.36%, p = 0.72).

Among those who contracted COVID-19, rituximab-trea-

ted pwMS were less likely to be Hispanic and had a

higher Elixhauser and Charlson comorbidity index but

were similar in age and sex compared to the non-MS

population (Table 1). Rituximab-treated pwMS with

COVID-19 were more likely to have a moderate (n = 8,

33.3%) but not severe (n = 0) course and a shorter hos-

pital stay compared to the non-MS population (Table 1).

None of the rituximab-treated pwMS required invasive or

non-invasive ventilation, four required supplemental oxy-

gen up to 38–62 days after the onset of COVID-19 symp-

toms. Four pwMS were hospitalized but did not require

supplemental oxygen.

The increased risk of a moderate COVID-19 course

occurred shortly after the most recent rituximab treat-

ment (median 2.5 months, range 2 days to 4.5 months,

(Fig. 1 and Table 2). Rituximab-treated pwMS with a

moderate-to-severe COVID-19 course were more likely to

have received 1000 mg at their last infusion and a higher

cumulative dose than those who did not get COVID-19

or had a mild course (Table 2). Time since last infusion

in months (adjusted OR = 0.32, 95% CI = 0.15–0.69,
p = 0.0033) and receiving 1000 mg compared to a lower

dose at last infusion (adjusted OR = 6.28, 95%

CI = 1.38–28.54, p = 0.0173) were independent predictors

of COVID-19 severity but cumulative lifetime dose was

not (adjusted OR = 1.003, 95% CI = 0.92–1.09,
p = 0.9514 per 1000 mg). Hispanic ethnicity was no

longer significant after adjustment for rituximab-treat-

ment characteristics (OR = 2.70, 95% CI = 0.61–11.96,
p = 0.1903).

Neither age, sex, MS-related physical disability, Elix-

hauser, or Charlson comorbidity indices were associated

with risk of moderate-to-severe COVID-19 in crude or

adjusted models among rituximab-treated pwMS (data

not shown). Sensitivity analyses restricted to rituximab-

treated pwMS who received an infusion in 2020
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(n = 953) showed remarkably stable estimates for the

decreasing risk of moderate COVID-19 with every passing

month since last infusion (adjusted OR = 0.33, 95%

CI = 0.15–0.70, p = 0.0042) and increased risk with

1000 mg or higher dose at last infusion (adjusted

OR = 6.24, 95% CI = 1.38–28.31, p = 0.0177).

Table 1. Clinical and demographic characteristics among all and COVID-19 rituximab-treated pwMS compared to KPSC’s non-MS population.

Total population COVID-19 population

RTX-MS non-MS

p-value

RTX-MS non-MS

p-valuen = 1895 n = 4,813,365 n = 24 n = 65,520

Age, y, mean (SD) 44.5 (12.3) 38.9 (22.2) <0.0001 42.4 (10.1) 40.9 (17.4) 0.4799

Sex, females, n (%) 1364 (72.0) 2,470,408 (51.3) <0.0001 15 (62.5) 34,611 (52.8) 0.6368

Race/ethnicity, n (%) <0.0001 0.0210

White 867 (45.8) 1,442,350 (30.0) 7 (29.2) 10,132 (15.5)

Black 293 (15.5) 362,922 (7.5) 4 (16.7) 3736 (5.7)

Hispanic 598 (31.6) 1,927,709 (40.0) 13 (54.2) 43,274 (66.0)

Asian/Pacific 51 (2.7) 524,788 (10.9) 0 (0) 3976 (6.1)

Other 86 (4.5) 555,596 (11.5) 0 (0) 4402 (6.7)

Charlson comorbidity index, mean (SD) 0.6 (1.2) 0.5 (1.2) <0.0001 1.2 (2.0) 0.5 (1.3) 0.0138

Elixhauser comorbidity index, mean (SD) 2.3 (1.7) 0.9 (1.6) <0.0001 3.0 (2.7) 1.0 (1.6) <0.0001

Maximum COVID-19 severity, n (%)

Mild (not hospitalized) — — 16 (66.7) 60,799 (92.8) 0.0002

Moderate (hospitalized) — — 8 (33.3) 3799 (5.8) <0.0001

Death — — 0 (0) 922 (1.4) 1.0

Hospital stay duration, mean (SD) 6.9 (3.5) 11.0 (11.2) 0.4115

Abbreviations: MS, multiple sclerosis; pwMS, persons with multiple sclerosis; RTX, rituximab; SD, standard deviation; y, years.

Figure 1. The Relationship between COVID-19 Severity and Most Recent Rituximab Treatment for Multiple Sclerosis. Depicted is the proportion

of COVID-19 MS patients who required hospitalization (orange) and those COVID-19 patients who did not (blue) in the months (mos.) following

their most recent rituximab infusion. The sample sizes (N) are denoted above each bar. The risk of a moderate course appears highest in the first

2 months following rituximab infusion and dissipates by 6 months.

940 ª 2021 The Authors. Annals of Clinical and Translational Neurology published by Wiley Periodicals LLC on behalf of American Neurological Association

Rituximab, MS, and COVID-19 A. Langer-Gould et al.



Discussion

Rituximab-treated pwMS were at increased risk of hospi-

talization but not ventilatory support or death from

COVID-19 compared to the general population. This

increased risk of moderate COVID-19 was highest in the

first few months after rituximab infusion, particularly if

1000 mg or more was given, and was not explained by

risk factors for moderate-to-severe COVID-19 in the gen-

eral population or MS-related disability.

Evidence from previous coronavirus outbreaks have

shown that T cells, but not B cells, are critical for clearing

the infection and that production of antiviral antibodies

plays at least some role in controlling the persistent phase

of infection.14 Thus, our findings, as well as those from

previous reports that B-cell depleting treatments are asso-

ciated with an increased risk of hospitalization but not

death from COVID-19,8–10 are biologically plausible, as

antiviral T-cell function is not expected to be impaired by

these treatments. Our finding that this risk of moderate

COVID-19 is highest in the first few months following a

rituximab infusion parallels findings of impaired vaccine-

induced antibodies in the first few months following infu-

sions of B-cell depleting treatments.15

We think the absence of severe COVID-19 cases and

slightly lower infection rate among rituximab-treated

pwMS compared to the general population are probably

best explained by how rituximab is used in our practice.

We recommended extending rituximab dosing intervals

to 12 months or more and have advised rituximab-trea-

ted pwMS to consider themselves at high risk of severe

COVID-19 since March of 2020 due to the lack of infor-

mation and the biological plausibility that impaired

antiviral antibody production could contribute to a more

severe COVID-19 disease course. The recommendation to

extend to annual dosing intervals is based primarily on

inference with two important supporting pieces of evi-

dence: (1) a randomized controlled trial that demon-

strated efficacy sustained for at least 1 year after one cycle

of rituximab16; and (2) the lack of rebound disease activ-

ity ≥ 1 year after rituximab cessation.17,18 The standard

rituximab maintenance dose in KPSC was already 500 mg

to minimize adverse events.19 We also infrequently use

RTX in pwMS with advanced disability or other comor-

bidities that pre-dispose to serious infections.

This study is limited by the relatively small number of

RTX-treated pwMS with moderate-to-severe COVID-19.

This resulted in wide confidence limits for multiple vari-

ables including cumulative rituximab dose and dose at

last infusion. Thus, we caution against overinterpreting

these point estimates. Similarly, we also cannot exclude

the possibility that higher cumulative rituximab dose

increases the risk of severe COVID-19.

Strengths of this study are the inclusion of a popula-

tion-based sample, large number of rituximab-treated

pwMS including those without COVID-19, ability to

compare to non-MS population, confirmed diagnoses and

outcomes, and ability to account for comorbidities. This

is in contrast to previously published3,7,8 and unpub-

lished10 registry studies that focused on pwMS with

COVID-19, were unable to account for geographic varia-

tion in COVID-19 outbreaks or characteristics of B-cell

depleting therapy treatment, or thoroughly assess comor-

bidities—limitations that likely contribute to the conflict-

ing findings.

Table 2. Clinical, demographic, and rituximab treatment characteris-

tics and COVID-19 severity1 among pwMS.

No COVID-19 or

mild COVID-19

Moderate

COVID-19

p-valuen = 1887 n = 8

Age, y, mean (SD) 44.6 (12.3) 40.5 (9.7) 0.3486

Sex, females, n (%) 1359 (72.0) 5 (62.5) 0.5497

Race/ethnicity, n (%) 0.357

White 864 (45.8) 3 (37.5)

Black 293 (15.5) 0 (0)

Hispanic 593 (31.4) 5 (62.5)

Other 137 (7.6) 0 (0)

Charlson comorbidity index 0.6 (1.2) 0.8 (1.2) 0.6759

Elixhauser comorbidity

index

2.3 (1.7) 2.1 (1.7) 0.5713

MS-related Disability, n (%) 0.6481

Walker-dependent

(EDSS = 6.5)

178 (10.3)2 0 (0)

Wheelchair-dependent

or worse (EDSS ≥ 7.0)

161 (9.3)2 1 (12.5)

Rituximab treatment characteristics

Time since first infusion,

y, med (IQR)

2.2 (1.2, 3.8) 2.5 (0.7,

4.2)

0.8366

Time since last infusion,

mos., med (IQR)

7.8 (5.8, 10.8) 2.5 (0.9,

3.5)

0.0001

Dose at last infusion, n (%) 0.0082

≥1000 mg 297 (15.7) 4 (50.0)

<1000 mg 1590 (84.3) 4 (50)

Cumulative dose, mg, med

(IQR)

2000 (1400,

3800)

3250

(1750,

8250)

0.1488

Cumulative dose, n (%) 0.2994

>8000 mg 120 (6.4) 2 (25.0)

>3000–8000 mg 441 (23.4) 2 (25.0)

>2000–3000 mg 354 (18.8) 1 (12.5)

>1000–2000 mg 542 (28.7) 2 (25.0)

≤1000 mg 430 (22.8) 1 (12.5)

Abbreviations: EDSS, expanded disability status scale; IQR, interquartile

range; med, median; mg, milligrams; mos., months; pwMS, persons

with multiple sclerosis; SD, standard deviation; y, years.
1Maximum COVID-19 severity defined as requiring hospitalization

(moderate) or not requiring hospitalization (mild).
2Available for 1725 pwMS.
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Our findings suggest that rituximab-treated pwMS

should take extra precautions to avoid exposure to

COVID-19 in the 5 months following each infusion. Clin-

icians should consider extending dosing intervals of B-cell

depleting treatments and using the lowest effective dose

to minimize the risk of moderate-to-severe COVID-19.

Future studies are needed to address the risks and benefits

of extending dosing intervals and identifying lowest effec-

tive doses.
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